The Synergic Effect of Tetramethylpyrazine Phosphate and Borneol for Protecting Against Ischemia Injury in Cortex and Hippocampus Regions by Modulating Apoptosis and Autophagy.
This study aimed to investigate the synergic effects of tetramethylpyrazine phosphate (TMPP) and borneol (BO) for protecting against ischemia in the cortex and hippocampus. A rat model of global cerebral ischemia-reperfusion (GCIR) was induced by four-vessel occlusion. The results showed that TMPP (13.3 mg/kg), BO (0.16 g/kg), and their combination improved the ultrastructure of neurons, reduced the apoptosis index, and reduced the intracellular calcium content in both the cortex and hippocampus. TMPP and the combined treatment increased cortex autophagy by modulating phosphorylated adenosine monophosphate-activated protein kinase (pAMPK) in the pAMPK-mammalian target of rapamycin (mTOR)-Unc-51-like kinase 1 (ULK1) signaling pathway, whereas BO only regulated ULK1. Moreover, BO increased neuron autophagy in the hippocampus by modulating mTOR, whereas TMPP targeted both mTOR and Beclin1. Similarly, the combination targeted both pAMPK and Beclin1. All three treatments decreased the expression of p53 and caspase-3 in the two areas. Additionally, TMPP and the combined therapy regulated Bax and Bcl-2. These results demonstrated the synergic effects between TMPP and BO for treating ischemia-reperfusion injury in the cortex and hippocampus regions. Their neuroprotective effects could be partly attributed to switching from apoptosis to protective autophagy. Additionally, the potential mechanism triggering this switching could be ascribed to the reduction of intracellular calcium content.